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SUMMARY 
C u r r e n t l y ,  t h e  hea t  t r a n s f e r  equa t ion  used i n  t h e  r o t a r y  combust ion engine 
(RCE) s i m u l a t i o n  model i s  taken from p i s t o n  engine s t u d i e s .  These r e l a t i o n s  
have been e m p i r i c a l l y  developed by  t h e  exper imenta l  i n p u t  coming from p i s t o n  
engines whose geometry d i f f e r s  c o n s i d e r a b l y  from t h a t  o f  t h e  RCE. The ob jec -  
t i v e  o f  t h i s  work was to  d e r i v e  equa t ions  t o  e s t i m a t e  hea t  t r a n s f e r  c o e f f i c i -  
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e n t s  i n  t h e  combust ion chamber o f  a RCE. 
I d e t a i l e d  tempera ture  and p ressu re  measurements i n  a d i r e c t  i n j e c t i o n  s t r a t i f i e d  
al charge (D ISC)  RCE under a range o f  c o n d i t i o n s .  For each s p e c i f i c  measurement 
M p o i n t ,  t h e  l o c a l  gas v e l o c i t y  was assumed equal  t o  t h e  l o c a l  rotor t i p  speed. 
Local  p h y s i c a l  p r o p e r t i e s  o f  t h e  f l u i d s  were then c a l c u l a t e d .  Two types  o f  
c o r r e l a t i o n  equat ions  were d e r i v e d  and a r e  desc r ibed  i n  t h i s  paper .  The f irst 
c o r r e l a t i o n  expresses t h e  N u s s e l t  number as a f u n c t i o n  o f  t h e  P r a n d t l  number, 
Reynolds number, and c h a r a c t e r i s t i c  tempera ture  r a t i o ;  t h e  second c o r r e l a t i o n  
expresses t h e  f o r c e d  convec t i on  hea t  t r a n s f e r  c o e f f i c i e n t  as a f u n c t i o n  o f  
f l u i d  temperature,  p ressu re ,  and v e l o c i t y .  
Th i s  was accompl ished by making 
cn 
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INTRODUCTION 
The r e s u l t s  o f  hea t  t r a n s f e r  s t u d i e s  ove r  the  p a s t  seve ra l  decades 
( r e f s .  1 to  5) have been a p p l i e d  t o  i n t e r n a l  combust ion eng ine  a n a l y s i s  t o  
access eng ine  performance and s t r u c t u r a l  i n t e g r i t y .  W i t h i n  t h e  p a s t  5 y r ,  
e x t e n s i v e  imp lementa t ion  o f  t h i s  work i n  computer codes has been used t o  simu- 
l a t e  p i s t o n  engine o p e r a t i o n .  I n  genera l ,  t h e  equat ions  used f o r  h e a t  t r a n s f e r  
a n a l y s i s  i n  t h e  p i s t o n  engine have taken t h e  f o l l o w i n g  form: 
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where equa t ion  ( 1 )  i s  used t o  es t ima te  the  heat  t r a n s f e r  c o e f f i c i e n t  i n  t h e  
r e a c t o r  ( r e f .  4); equa t ion  (2 )  i s  used t o  e s t i m a t e  t h e  t u r b u l e n t  hea t  t r a n s f e r  
c o e f f i c i e n t  t h rough  a f l a t  p l a t e  ( r e f .  8); equa t ion  (3) i s  t he  equa t ion  d e r i v e d  
by Woschni ( r e f .  5). 
These equat ions  have been found t o  be s a t i s f a c t o r y  when t h e  cons tan ts  i n  
them were based on e m p i r i c a l  i n f o r m a t i o n  a v a i l a b l e  for  t h e  p i s t o n  engine o f  
i n t e r e s t .  
Prev ious  s i m u l a t i o n s  ( r e f s .  7 to  9) of t h e  heat  t r a n s f e r  processes i n  t h e  
RCE have assumed t h a t  t h e  t u r b u l e n t  gas- to-wal l  hea t  t r a n s f e r  c o e f f i c i e n t  i s  
g i v e n  by the  McAdams c o r r e l a t i o n  for t u r b u l e n t  flows i n  p ipes ;  however, these 
assumptions were made w i t h o u t  t he  b e n e f i t  o f  the  a v a i l a b i l i t y  o f  d e t a i l e d  
exper imenta l  da ta .  
NASA d u r i n g  t h i s  a n a l y s i s .  
Data t o  make t h i s  c o r r e l a t i o n  p o s s i b l e  was c o l l e c t e d  by 
The a p p l i c a b i l i t y  o f  t h e  above hea t  t r a n s f e r  equat ions  t o  t h e  r o t a r y  com- 
b u s t i o n  engine i s  desc r ibed  i n  t h i s  s tudy.  
ROTARY ENGINE TEST R I G  
The t e s t  r i g  ( f i g .  1 )  was c o n s t r u c t e d  u s i n g  a s i n g l e  ro tor ,  rotary engine 
b u i l t  by OMC, w i t h  a 39.6 i n . 3  d isp lacement .  The engine i s  n a t u r a l l y  a s p i r a t e d  
and i n c o r p o r a t e s  d i r e c t  f u e l  i n j e c t i o n  combined w i t h  spark  i g n i t i o n  to  c r e a t e  a 
s t r a t i f i e d  charge env i ronment  f o r  combustion. 
One f u e l  i n j e c t o r  and one spark  p l u g  were used i n  t h i s  c o n f i g u r a t i o n .  The 
rotor was coo led  by t h e  i n t a k e  a i r  seeded w i t h  o i l  t o  e l i m i n a t e  t h e  need f o r  a 
main b e a r i n g  l u b r i c a t i o n  system. 
t i o n a l  f a s h i o n .  
rotor hous ing  t o  s i m p l i f y  t h e  ro tor  hous ing  and t h e  s i d e  hous ing  geometry. 
F i g u r e  2 shows t h e  p a t h  o f  t h e  c o o l a n t  th rough t h e  eng ine .  
End bear ings  w e r e  l u b r i c a t e d  i n  a conven- 
Coo lan t  i s  d i r e c t e d  p e r i p h e r a l l y  around t h e  h o t  s i d e  o f  t h e  
The f u e l  s y s t e m  c o n s i s t e d  o f  a d i s t r i b u t o r  t ype  i n j e c t i o n  pump and a f o u r -  
h o l e  p e n c i l  i n j e c t o r  which was l o c a t e d  near t h e  minor  a x i s  o f  t h e  t r o c h o i d  
housing.  The f u e l  used was an ASTM d i e s e l  check f u e l  w i t h  a cetane number o f  
53.7. 
A s i n g l e  spark p l u g  l o c a t e d  on the  minor  a x i s  o f  t h e  t r o c h o i d  hous ing  was 
used t o  i n i t i a t e  combustion. The s i n g l e  spark per  power s t r o k e  was generated 
by a c a p a c i t i v e  d i scha rge  i g n i t i o n  system. 
p rov ided  by two so leno id -opera ted  me te r ing  pumps. 
o i l  was a s y n t h e t i c ,  two-cyc le  o i l  which was n o t  r e c i r c u l a t e d  b u t  consumed i n  
t h e  combustion process.  
comparison t o  t h a t  o f  the  f u e l .  
L u b r i c a t i o n  f o r  t h e  main bear ings ,  r o t o r  bea r ings ,  and t h e  ro tor  sea ls  was 
The main b e a r i n g  l u b r i c a t i o n  
The heat  o f  combustion o f  the  o i l  was n e g l i g i b l e  i n  
The remainder o f  t h e  t e s t  r i g  c o n s i s t e d  p r i m a r i l y  o f  an eddy c u r r e n t  dyna- 
The motor was capable o f  mo to r ing  t h e  eng ine  up mometer and an e l e c t r i c  motor. 
to  speeds o f  3200 rpm, w h i l e  t h e  dynamometer cou ld  absorb engine to rques  up t o  
50 f t - l b f  a t  speeds up t o  6000 rpm. 
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INSTRUMENTATION 
The f low o f  a i r  i n t o  t h e  engine was measured u s i n g  a l am ina r  f low element .  
The f low element was separa ted  from t h e  eng ine  by a plenum chamber which damp- 
ened p u l s a t i o n s  from t h e  i n t a k e  s t r o k e s  o f  t h e  eng ine .  
Fuel f low was measured by a F l o - t r o n  p o s i t i v e  d isp lacement  f low mete r ing  
sys tem.  
The engine c o o l a n t  was a one-to-one s o l u t i o n  by volume, o f  e thy lene  g l y c o l  
and water .  The c o o l a n t  flow was measured by a t u r b i n e  flowmeter. 
i n l e t  and o u t l e t  c o o l a n t  tempera tures  were  mon i to red  a l o n g  w i t h  the  engine 
speed, exhaust  tempera ture  and hous ing  temperatures t o  e s t a b l i s h  s teady -s ta te  
c o n d i t i o n s .  
Both the  
The l o c a l  average eng ine  temperatures ( f i g .  3) w e r e  determined by the  use 
o f  copper-constantan thermocouples mounted i n  t h e  ro tor  housing.  A t o t a l  o f  
16 thermocouples w e r e  mounted i n  p a i r s  i n  e i g h t  l o c a t i o n s  around t h e  t r o c h o i d  
housing.  A t  each l o c a t i o n ,  one thermocouple was mounted d i r e c t l y  beh ind  the  
o t h e r  i n  a s t r a i g h t  l i n e  which was p e r p e n d i c u l a r  t o  a tangent  t o  t h e  i n n e r  t ro-  
cho id  s u r f a c e  a t  t h a t  l o c a t i o n  ( f i g .  4 ) .  The second thermocouple was p laced 
0.125 i n .  from t h e  f irst thermocouple.  The thermocouples w e r e  p o s i t i o n e d  i n  
t h i s  manner so t h a t  average l o c a l  h e a t  f l u x  ( f i g .  5) and average gas-s ide w a l l  
temperature c a l c u l a t i o n s  c o u l d  be made. I n  a d d i t i o n ,  a l l  o f  these thermo- 
coup le  j u n c t i o n s  were l o c a t e d  i n  t h e  midplane o f  t h e  t r o c h o i d  housing.  Four 
a d d i t i o n a l  thermocouples were mounted i n  p a i r s ,  i n  two l o c a t i o n s  i n  t h e  c o o l a n t  
passage, t o  measure t h e  c o o l a n t  s i d e  s u r f a c e  tempera ture  and t h e  b u l k  c o o l a n t  
temperature.  
Pressures i n  t h e  combust ion chamber o f  t h e  engine w e r e  measured by a 
s e r i e s  o f  f o u r  water-cooled,  p i e z o e l e c t r i c  p ressu re  t ransducers .  These t r a n s -  
ducers were mounted i n  t h e  midplane o f  the  t r o c h o i d  hous ing  i n  such a way t h a t  
t h e  chamber p ressu re  would c o n s t a n t l y  be mon i to red  ( f i g .  6). This  cons tan t  
p ressu re  m o n i t o r i n g  th roughou t  a l l  f o u r  engine c y c l e s  was made p o s s i b l e  th rough 
t h e  use o f  a NASA-developed e l e c t r o n i c  s w i t c h i n g  and c o r r e l a t i n g  system c a l l e d  
t h e  Modular Engine I n s t r u m e n t  System ( M E I S ) .  The composi te  p ressu re  curve ,  
which i s  a r e a l - t i m e  measurement, was reco rded  on a d i g i t a l  waveform r e c o r d e r .  
The waveform r e c o r d e r  i n c o r p o r a t e d  a s e r i e s  o f  i n d i v i d u a l  a n a l o g - t o - d i g i t a l  
(A-D) c o n v e r t e r s  which p e r m i t t e d  a number o f  i n d i v i d u a l  s i g n a l s  t o  be recorded 
s imu l taneous ly .  The commerc ia l l y  a v a i l a b l e  waveform r e c o r d e r  ( f i g .  7 )  was mod- 
i f i e d  such t h a t  i t  c o u l d  be t r i g g e r e d  by an e x t e r n a l  s i g n a l  and then d r i v e n  by 
an e x t e r n a l  c l o c k .  The r e c o r d e r  was t r i g g e r e d  manua l l y  when a s teady -s ta te  
c o n d i t i o n  was reached w i t h  t h e  engine.  The r e c o r d i n g  was done i n  a c rank  ang le  
r e f e r e n c e  frame as opposed t o  a time-base r e f e r e n c e  c l o c k .  The e x t e r n a l  c l o c k  
s i g n a l  and t r i g g e r  were produced by a NASA des igned MEIS/waveform r e c o r d e r  
i n t e r f a c e  module. 
Each A-D c o n v e r t e r  o f  t h e  waveform r e c o r d e r  had 32K by tes  o f  memory asso- 
c i a t e d  w i t h  i t ,  which t r a n s l a t e s  i n t o  32 complete,  f o u r - c y c l e ,  composite pres-  
sure curves.  For each d a t a  p o i n t  taken,  32 consecu t i ve  composite curves were 
recorded and a u t o m a t i c a l l y  downloaded t o  a microcomputer  hav ing  ha rd -d i sk  
memory c a p a b i l i t y .  These 32 composite curves w e r e  ensemble-averaged i n  pos t -  
r u n  t ime t o  form one average composite p ressu re  curve  r e p r e s e n t a t i v e  o f  t h e  
engine c o n d i t i o n s  a t  t h e  t ime  d a t a  was taken.  
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Exhaust emiss ions were measured by a S c o t t  Research L a b o r a t o r i e s  T e s t  Con- 
s o l e .  
l i n e  t o  the  emiss ions ana lyze rs .  
Sampling was taken a t  a remote module and pumped 30 f t  th rough a heated 
The f o l l o w i n g  equipment was used: 
S c o t t  Model 415 - T o t a l  HC Ana lyze r  
S c o t t  Model 250 - Paramagnetic 02 
D e t e c t o r  
S c o t t  Model 125 - NO/NOx Ana lyzer  
Beckman Model 864 - C02 Ana lyzer  
Beckman Model 865 - CO Ana lyzer  
METHOD OF CALCULATION 
To s i m p l i f y  c a l c u l a t i o n ,  t h e  f o l l o w i n g  assumptions were  made: 
( 1 )  On ly  convec t i ve  h e a t  t r a n s f e r  was cons idered.  
(2 )  Assume no exhaust  gas r e c i r c u l a t i o n  or in ter -chamber gas leakage.  
(3 )  Uni form chemical compos i t i on  and gas temperature th roughout  t h e  cham- 
ber  a t  each i n s t a n t  o f  t i m e .  
( 4 )  The gas and c o o l a n t  p h y s i c a l  p r o p e r t i e s  can be computed from t h e  aver-  
age f i l m  tempera ture ,  l o c a l  p ressu re ,  and compos i t ion .  
(5 )  The l o c a l  gas v e l o c i t y  i s  assumed t o  be t h e  average s u r f a c e  t a n g e n t i a l  
v e l o c i t y  ( i t  i s  a t ime  average and i s  n o t  a s p a t i a l  average) o f  t h e  ro to r .  
The OMC t e s t  engine was r u n  a t  f o u r  s e l e c t e d  speeds: 2200, 2500, 2800, 
and 3200 rpm. Temperature and p ressu re  d a t a  w e r e  taken a t  16 thermocouples 
and f o u r  p ressu re  t ransducers  ( f i g .  4 )  under s teady -s ta te  o p e r a t i n g  c o n d i t i o n s .  
The l o c a l  gas compos i t ion  was o b t a i n e d  by b a l a n c i n g  equa t ion  ( 4 ) .  
temperature,  p ressu re  and gas compos i t ion ,  t h e  l o c a l  gas p r o p e r t i e s  were 
c a l c u l a t e d .  
Knowing t h e  
Gas s i d e  convec t i ve  h e a t  t r a n s f e r  c a l c u l a t i o n s  were based on a number o f  
e m p i r i c a l  and d e r i v e d  equa t ions .  Working f l u i d  p ressure ,  exhaust  compos i t ion ,  
and temperature measurements were c o l l e c t e d  from t h r e e  d i f f e r e n t  d a t a  a c q u i s i -  
t i o n  systems. F i r s t ,  t h e  p ressu re  t ransducers  and M E I S  measure and c o r r e l a t e  
l o c a l  gas p ressu res .  For each c rank  ang le ,  t h e  p ressu re  i s  assumed to  be con- 
s t a n t  th roughout  the  combustion chamber. 
v ides  the  h i g h  speed d i g i t i z a t i o n  necessary t o  r e c o r d  t h e  p ressu re  da ta .  
t h e  i n t a k e  and compression processes o f  t h e  d i r e c t  i n j e c t i o n  RCE, t he  worki.ng 
f l u i d  i s  s imp ly  a i r  and water  vapor .  D u r i n g  combustion, i n f o r m a t i o n  i s  based 
on sampling emiss ions and c a l c u l a t i o n s  u s i n g  the  equat ion :  
Second, the  Gould 9000 System pro-  
I n  
nl Cg H19 + n2 O2 + n3 N2 + n4 H20 -+ n5 C02 + n H 0 + n7 N2 + n8 O2 6 2  
+ ng CO + nlo NO + nll C H  1 9  (4 )  
The summation of n5 th rough rill i s  t h e  t o t a l  mo les /cyc le  (Cn j )  o f  the  
gas m i x t u r e  d u r i n g  combustion and exhaust .  T h i r d ,  t h e  va lues  ng th rough  n i l  
4 
are  measured by t h e  S c o t t  Emiss ion Ana lyze r  and recorded i n  t h e  E s c o r t  system. 
The l o c a l  volume of t h e  work ing  chamber i s  c a l c u l a t e d  from equa t ion  (10): 
i d e a  
t h e  
from 
2 - V ( d  = - vmin+ - 3EeRb ( 1  - cos 3 a) 2 ( 5 )  
The l o c a l  work ing  f l u i d  tempera ture  can be c a l c u l a t e d  by t h e  m o d i f i e d  
gas law equa t ion :  
Us ing  the  area  su r round ing  thermocouples 3 and 4 as an example ( f i g .  4 > ,  
oca1 average hea t  loss can be c a l c u l a t e d  by t h e  equa t ion :  
kl (03-4 = s; (T3 - T4) 
Local  gas s i d e  average w a l l  tempera ture  can be e x t r a p o l a t e d  
the  equa t ion :  
( 7 )  
F i n a l l y ,  t h e  l o c a l  gas s i d e  hea t  t r a n s f e r  c o e f f i c i e n t  i s  ca lcu -  
l a t e d  from t h e  equat ion :  
METHOD OF CORRELATION 
The t r a n s f e r  hea t  i n  gases has been w i d e l y  s t u d i e d  ( r e f s .  2 t o  5). The 
r e s u l t s  o f  t h i s  work have been c o r r e l a t e d  by a v a r i e t y  of methods which,  i n  
genera l ,  can be rep resen ted  by two d i f f e r e n t  k i n d s  of c o r r e l a t i o n .  The Corre-  
l a t i o n  I i s  t o  c o r r e l a t e  the  N u s s e l t  number as a f u n c t i o n  o f  t h e  Reynolds 
number, P r a n d t l  Number, and c h a r a c t e r i s t i c  tempera ture  r a t i o .  C o r r e l a t i o n  I 1  
i s  t o  c o r r e l a t e  the  gas s i d e  t r a n s f e r  c o e f f i c i e n t  as a f u n c t i o n  o f  gas phase 
tempera ture ,  p ressure ,  and v e l o c i t y .  
The gas v e l o c i t y  vg i n  e q u a t i o n  (10) i s  made up o f  t h r e e  components. 
The f i r s t  component i s  caused by t h e  mo t ion  of t h e  moving ro tor  r e l a t i v e  t o  
t h e  s t a t i o n a r y  housing ( i . e . ,  t h e  combustion chamber i s  r o t a t i n g ) .  The second 
component i s  squ ish ing  v e l o c i t y  caused by t h e  chamber's geometry change. 
t h i r d  component i s  t h e  v e l o c i t y  induced by t h e  expanding combustion gases. 
The magnitude and d i r e c t i o n  of t h i s  gas v e l o c i t y  i s  n o t  known; c u r r e n t l y ,  o n l y  
l a s e r  d i a g n o s t i c  techn iques  can p r o v i d e  t h i s  i n f o r m a t i o n .  S ince t h i s  i n fo rma-  
t i o n  was n o t  a v a i l a b l e  for t h i s  s tudy ,  t h e  gas v e l o c i t y  i s  assumed t o  be equal 
t o  t h e  average ( t i m e  average a t  t h e  same crank  angle,  and i s  n o t  a s p a t i a l  
average) s u r f a c e  t a n g e n t i a l  v e l o c i t y  o f  t h e  ro tor .  
c a l c u l a t e d  by t h e  f o l l o w i n g  equa t ions :  
The 
Th is  v e l o c i t y  can then  be 
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2 2 D(a) = 9e + ( R ' )  + 6eR' cos ( 1 1 )  
The p h y s i c a l  p r o p e r t i e s  used i n  equa t ion  (11)  a re  found f o r  each o f  t h e  
e i g h t  measurement p o i n t s  a long  t h e  ro tor  hous ing .  
p ressu re  and hous ing  tempera ture  a r e  used t o  genera te  gas tempera ture  ( T  ) and 
average gas s i d e  w a l l  tempera ture  (Twg> by equa t ions  (6 )  and (8), r e s p e c q i v e l y .  
The l o c a l  gas compos i t ion  can be balanced by equa t ion  (41, and t h e  l o c a l  f i l m  
tempera ture  c a l c u l a t e d  from e q u a t i o n  ( 1 5 ) .  The c h a r a c t e r i s t i c  d iameter  ( D )  can 
be found from equa t ion  (11)  y i e l d i n g  enough i n f o r m a t i o n  t o  c a l c u l a t e  v e l o c i t y  
( v  1 from equa t ion  (10) .  Thus, a t  each p o i n t  a l l  t h e  p r o p e r t i e s  can be e s t i -  
mafed and t h e  gas heat  t r a n s f e r  c o e f f i c i e n t  ( h  ) from the  l e f t  hand s i d e  o f  
equa t ion  (14)  can be c a l c u l a t e d  from equa t ion  4 9 ) .  
The l o c a l l y  measured gas 
The cons tan t  terms of t h e  above two c o r r e l a t e d  equat ions  were d e r i v e d  from 
a m u l t i p l e  l i n e a r  r e g r e s s i o n  techn ique .  
The m u l t i p l e  r e g r e s s i o n  de termines  m a t h e m a t i c a l l y  how v a r i a b l e  y depends 
on independent v a r i a b l e s  x i ,  x2, x3, e t c .  Us ing  m a t r i x  mathematics, t h e  r e l a -  
t i o n s h i p  between t h e  v a r i a b l e s  i s  assumed t o  be l i n e a r ,  and of t h e  form: 
y = a o + a  x 1 1  + a2 x 2  + a3 x 3  (12)  
The numer ica l  va lue  of t h e  An a re  cons tan ts .  T h i s  method p r o v i d e s  a 
leas t -squares  b e s t  f i t  by d e t e r m i n i n g  the  a ' s  for which t h e  sum o f  t h e  errors 
( i . e . ,  t h e  d i f f e r e n c e  between t h e  a c t u a l  and p r e d i c t e d  y ' s )  i s  z e r o  and the  
sum o f  t h e  squared e r r o r s  i s  minimum. A c o e f f i c i e n t  o f  d e t e r m i n a t i o n  i s  used 
t o  i n d i c a t e  how w e l l  t h e  e n t i r e  e q u a t i o n  f i t s ,  a va lue  of il.0 i n f e r s  a p e r f e c t  
f i t .  A Lotus  1-2-3 computer program was used t o  per form t h i s  r o u t i n e .  
Based on t h e  exper imenta l  da ta ,  a s tepwise  m u l t i p l e  l i n e a r  r e g r e s s i o n  pro-  
gram was used. Th is  program sought t h e  most s i g n i f i c a n t  parameter  from a l i s t  
o f  cand ida tes  p rov ided ,  and e x t r a c t e d  i t s  e f f e c t  before seek ing  t h e  n e x t  most 
i m p o r t a n t  parameter. The c o e f f i c i e n t s  w e r e  n o t  fo rced,  no r  was t h e  o r d e r  o f  
parameter s e l e c t i o n .  
C o r r e l a t i o n  I 
The Nusse l t  number i s  d e s c r i b e d  as a f u n c t i o n  of the  Reynolds number, 
P r a n d t l  Number, and c h a r a c t e r i s t i c  temperature r a t i o .  Th is  r e l a t i o n s h i p  can 
be represented  by an equa t ion  o f  t h e  form, 
6 
The p h y s i c a l  p r o p e r t i e s  i n v o l v e d  a re  eva lua ted  a t  t h e  gas s i d e  f i l m  tem- 
pe ra tu re ,  which i s  d e f i n e d  as:  
T + Tw 
2 T = g  f , g 
(15)  
When o u r  exper iment  d a t a  i s  c l o s e l y  examined, t h e r e  i s  a l a r g e  tempera ture  and 
pressure  d i f f e r e n c e  i n  RCE between unburned gas and burned gas. 
d e r i v e  a more accu ra te  hea t  t r a n s f e r  equa t ion ,  we dec ided t h a t  f o r  each c o r r e -  
l a t i o n ,  t h e  burned gas case and unburned gas case shou ld  be ana lyzed sepa- 
r a t e l y ,  and d iscussed below: 
I n  o r d e r  t o  
C o r r e l a t i o n  I - A  - The Unburned Gas Case. - The exper imenta l  d a t a  used i n  
Two regressed equa- 
t h i s  unburned gas m i x t u r e  c o r r e l a t i o n  were taken from t h e  eng ine  mo to r ing  cases 
and in take /compress ion  c y c l e  of t h e  engine f i r i n g  cases. 
t i o n s  a r e :  
-4.389(Re)0.745 Nu = 0.062 [$I ( P r )  
-4.552 
(Re )O. 7387 Nu = 0.3311 ($) 
(16)  
(17)  
The average e r r o r  of equa t ions  (16) and (17)  i s  15.25 and 15.26 pe rcen t ,  
r e s p e c t i v e l y  ( t a b l e  I). The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  of equa t ions  (16)  
and (17)  i s  0.973 and 0.975, r e s p e c t i v e l y  ( t a b l e s  I1  and 111). Table I 
r e f l e c t s  t h a t  t h e  P r a n d t l  number changes s l i g h t l y  f o r  t h e  unburned gas case. 
Th is  i n f o r m a t i o n ,  a long  w i t h  the  h i g h e r  con f idence  i n  equa t ion  (17)  i n d i c a t e s  
t h a t  t h e  P r a n d t l  number i s  n o t  an i m p o r t a n t  parameter  i n  t h e  unburned gas hea t  
t r a n s f e r  equat ion .  
C o r r e l a t i o n  I - B  - Burned Gas Case. - The exper imen ta l  d a t a  used i n  t h i s  
'burned gas c o r r e l a t i o n  were taken from the  combust ion/exhaust  c y c l e  o f  eng ine  
f i r i n g  cases. Again,  t h e  P r a n d t l  number i s  no t  a dominant parameter i n  t h e  
burned gas a n a l y s i s .  Thus t h e  regressed e q u a t i o n  i s :  
-3.28 
= 13.865 (t) (Re)0.3906 (18)  
The average e r r o r  o f  equa t ion  (18)  i s  22.73 p e r c e n t  ( t a b l e  I V )  and t h e  
c o e f f i c i e n t  o f  d e t e r m i n a t i o n  i s  0.788 ( t a b l e  V I .  Note i n  equat ions  (17)  
and (18) the  P r a n d t l  number i s  n o t  i n c l u d e d  because i t s  va lue  change i s  v e r y  
smal l  based on the  exper imenta l  da ta ;  b u t ,  if t h e  P r a n d t l  number does v a r y  
w i d e l y ,  then i t  should be i n c l u d e d  i n  the  c o r r e l a t e  equa t ion .  
C o r r e l a t i o n  I1 
The gas hea t  t r a n s f e r  c o e f f i c i e n t  as a f u n c t i o n  o f  gas tempera ture ,  p res -  
sure,  and v e l o c i t y .  
t he  form: 
Th is  r e l a t i o n s h i p  can be rep resen ted  by an e q u a t i o n  o f  
7 
Again,  as ment ioned b e f o r e ,  t he  burned gas case and unburned gas case 
were ana lyzed s e p a r a t e l y  by  t h e  m u l t i p l e  l i n e a r  r e p r e s s i o n  program. 
C o r r e l a t i o n  I I - A  - Unburned Gas Case. - Two equat ions  were reg ressed  and 
compared to  s tudy  whether t h e  b u l k  gas temperature (Th) or gas f i l m  tempera- 
t u r e  ( T f )  i s  a dominant parameter .  -The equat ions  are: 
-0.538(p)0.3593(v)1.2152 h(a)  = 19.402(Tb) 
-0.092(p)0. 1064(v)1 .2152 h(a)  = 1.0808(Tf) 
(20)  
(21 1 
The average e r r o r s  of equa t ions  (20) and (211, a r e  18.69 and 19.50 p e r c e n t  
r e s p e c t i v e l y ,  and t h e  c o e f f i c i e n t s  o f  d e t e r m i n a t i o n  a r e  0.9201 and 0.9008, 
r e s p e c t i v e l y .  Thus, we concluded equa t ion  (20)  i s  b e t t e r  than e q u a t i o n  (21)  
and t h e  r e s u l t  i s  shown i n  t a b l e  V I .  
C o r r e l a t i o n  I I - B  - Burned Gas Case. - Two equat ions  a r e  regressed t o  
de termine i f  e i t h e r  b u l k  gas tempera ture  or gas f i l m  temperature i s  an impor- 
t a n t  parameter .  
-0.45( 0689( v )  1 .4327 h(a) = 6.2315(Tb) 
h (a> = 2.34.14(Tf)  -0.941~p~0.1378~v~1.2767 
(22)  
(23) 
The average e r r o r s  o f  equa t ions  (22)  and (23)  a r e  17.83 and 20.69 pe rcen t ,  
r e s p e c t i v e l y ;  t h e  c o e f f i c i e n t  o f  d e t e r m i n a t i o n  i s  0.8726 and 0.7059, respec-  
t i v e l y .  Thus we concluded t h a t  equa t ion  (22)  i s  a b e t t e r  equa t ion  t o  be used 
i n  the  burned gas r e g i o n .  The r e s u l t  i s  shown i n  t a b l e  V I I .  
CONCLUSIONS 
1 .  The i n v e s t i g a t i o n  o f  hea t  t r a n s f e r  mechanisms i n  t h e  D I S C  r o t a r y  engine 
l e d  t o  d i f f e r e n t  regressed equat ions  for convec t i ve  hea t  t r a n s f e r .  
equa t ion  shou ld  be used depending on whether gas i s  unburned or burned. 
A separa te  
There a r e  two equat ions  d e r i v e d  for the  unburned gas r e g i o n  
-4.552 
= 0.3311 (t) (Re)0.7387 
NU 
h (a> = 19.402(Tb) -0.538(p)0.3593(v)0.9794 
(17) 
(20) 
There a r e  two equat ions  d e r i v e d  for t h e  burned gas r e g i o n :  
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-3.28 
= 13.865 ($) (Re)0.3906 
NU 
(18)  
(22)  h (u)  = 6.2315(Tb) -0.45(p)0.0689(v)1.4327 
2.  For b e t t e r  p ressu re  r e s o l u t i o n ,  a 1 0 - b i t  or h i g h e r  A-D c o n v e r t o r  i s  
r e q u i r e d  i n  o r d e r  t o  reduce the  exper imenta l  e r r o r .  I n  t h i s  s tudy,  t he  pres-  
sure  d a t a  d i g i t i z e d  by  the  e i g h t - b i t  A-D c o n v e r t e r  does n o t  have adequate reso-  
l u t i o n  i n  t h e  lower  p ressu re  range.  For example, i f  t h e  maximum pressure  i n  
t h e  chamber i s  3.5 MPa, then  t h e  inc rementa l  p ressure  change i s  3.5 MPa/(28/2) 
= 0.027 MPa. A t  peak p ressu re  t h e  e r r o r  i s  3.911500 = 0.8 pe rcen t ,  b u t  near 
t h e  i n t a k e  and exhaust  t h e  e r r o r  i s  3.91/14.7 = 26.6 p e r c e n t .  
t 
i 
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APPENDIX 
A 
A '  
B 
B '  
b 
C 
C '  
Cm 
CP 
D 
d 
e 
h 
K 
K '  
k 
k l  
k2 
Nu 
n i  
I n j  
P 
P r  
Reynolds number exponent de f ined i n  e q u a t i o n  (13)  
temperature exponent de f ined i n  e q u a t i o n  (19)  
P r a n d t l  number exponent d e f i n e d  i n  equa t ion  (13)  
p ressure  exponent d e f i n e d  i n  equa t ion  (19)  
w i d t h  o f  t h e  ro tor  housing,  f t or (m) 
temperature r a t i o  exponent d e f i n e d  i n  e q u a t i o n  (13) 
v e l o c i t y  exponent de f ined i n  equa t ion  (19)  
mean p i s t o n  speed i n  f t l s e c .  or (m) 
s p e c i f i c  hea t  of gas a t  cons tan t  p ressu re ,  B t u / ( l  b > ( " F > ( o r  c a l / ( g >  
( O K ) )  
c h a r a c t e r i s t i c  l e n g t h  i n  t h e  gas chamber, f t  or (m) 
c h a r a c t e r i s t i c  w i d t h  o f  t h e  p i s t o n ,  f t  or (m) 
e c c e n t r i c i t y  o f  rotor j o u r n a l ,  f t . or (m) 
gas hea t  t r a n s f e r  c o e f f i c i e n t ,  B t u / ( s e c ) ( f t 2 ) ( " F )  or ( K c a l / ( s e c >  (m2)  
(OK) 
average l o c a l  as h e a t - t r a n s f e r  c o e f f i c i e n t ,  B t u / ( s e c ) ( f t 2 ) ( " F >  or 
(Kca l / ( sec>  (m ! ) (OK)) as a f u n c t i o n  o f  c rank  ang le  
cons tan t  i n  hea t  t r a n s f e r  equa t ion ,  d e f i n e d  i n  equa t ion  (13)  
cons tan t  i n  hea t  t r a n s f e r  equa t ion ,  de f ined e q u a t i o n  (19)  
thermal  c o n d u c t i v i t y  of gas, B t u / ( s e c > ( f t > ( " F >  or ( c a l / ( s e c >  (m> ( O K )  
average thermal  c o n d u c t i v i t y  between p o i n t s  3 and 4 ( F i g .  31, 
B tu / ( sec>  ( f t > ( " F >  or ( K c a l / ( s e c >  (m> ( O K > >  
average thermal  c o n d u c t i v i t y  between p o i n t  3 and gas s i d e  s u r f a c e  
B t u / ( s e c ) ( f t > ( " F > o r  ( K c a l / ( s e c >  (m> ( O K )  
Nusse l t  number, hD/k 
number o f  moles of component i ,  l b - m o l e l c y c l e  or ( g  - mo le /cyc le>  
t o t a l  number o f  moles of burned gas, l b - m o l e l c y c l e  or ( g  - mo le /cyc le>  
pressure  of the  work ing  f l u i d ,  p s i a  
P r a n d t l  number, Cp p / k  
10 
/ \  
local heat transfer rate per unit area through point 3 and 4 ,  ""-' Btu/ft 2 -hr or ( K  Cal/hr - in 2 ) 
R gas constant, 10.731 (psi>(ft3)/(lb-m0le)(~K) or (1.987 cal/g - mole) 
( O K ) )  
R' 
Re 
S l  
s2  
T3 
T4 
Tb 
the generating radius, ft. or (m) 
PVD/l.c 
distance between points 3 and 4 (fig. 31, ft. or (m)  
distance between point 3 and gas side surface (fig. 3), ft.or (m) 
average housing temperature at point 3, O F  or ( O K )  
average housing temperature at point 4, O F  or ( O K )  
average bulk temperature of fluid, O F  or ( O K )  
average local gas side film temperature O F  or ( O K )  
average bulk temperature of gas O F  or ( O K )  
average wall temperature, O F  or ( O K )  
average gas side wall temperature, O F  or ( O K )  
characteristic gas velocity, ft/sec or (m/sec> 
V(a> local volume of the working chamber, ft3, or (m3>, as a function of 
crank angle # 
Vmin minimum volume of the working chamber, ft3, or (M3) 
P gas density, lb/ft3 or (g/cm3) 
w angular speed of output shaft, l/(sec> 
4 
(s a angle of output shaft 
E 
1 1  
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TABLE I 
c [Nu = 0.0620 (Tb/Tf):-4.657 NU = 0.3311 (Tb/Tf )  -4.552 ( P r )  A-4.389 (Re)_^O. 7450 . . . ( 16) (Re) 0.7367 ... ( 1 7 ) l  
Number I Nuf 1 Tb/Tf I P r  
I I 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
254.83 
136.06 
274.14 
263.76 
100.23 
350.6 
69.95 
198.96 
166.53 
297.86 
87.99 
255.28 
946.9 
71.87 
184.1 
684.5 
179.7 
659.6 
188.9 
744.5 
240.2 
716.5 
157.4 
862.4 
157.1 
629.4 
237.15 
745 
71.89 
200 
71.86 
59.23 
1 .2567 
1.1263 
1.2833 
1.2788 
1.1626 
1.2734 
1.175 
1.3057 
1.1126 
1.2945 
1.1684 
1.2969 
1.172 
1.137 
1.264 
1.242 
1.307 
1.264 
1.186 
1.324 
1.244 
1.296 
1.238 
1.203 
1.335 
1.193 
1.31 
1.242 
1.312 
1.249 
1.205 
1.324 
0.6871 
.6903 
.6882 
,6909 
.6891 
.6882 
.6887 
.6873 
.690 1 
.6882 
.6889 
.6879 
.6949 
.692 
.6905 
.6927 
.6902 
.7188 
.7158 
.7145 
.6925 
.690 1 
.6906 
.6887 
.688 
.6943 
.6897 
.6923 
.6898 
.692 1 
.6898 
.6896 
Re 
24 184 
4 664 
27 874 
31 529 
6 221 
36 931 
3 974 
23 714 
6 059 
36 017 
5 269 
31 391 
121 745 
5 021 
30 400 
126 389 
31 608 
135 668 
5 769 
33 921 
166 931 
41 982 
124 455 
5 190 
30 864 
115 964 
28 773 
161 542 
41 113 
143 053 
5 999 
35 676 
~~ 
Nucal . 
205.01 
98.17 
205.26 
224.81 
105.76 
262.43 
72.27 
168.85 
126.46 
238.60 
91.43 
213.93 
900.30 
98.18 
231 .56 
716.47 
204.38 
591.70 
77.12 
174.26 
876.03 
262.82 
728.65 
79.01 
184.48 
802.36 
189.14 
862.39 
244.85 
768.34 
86.73 
21 1.41 
ave. 
dNu(%) 
-19.55 
-27.85 
-25.13 
-14.77 
5.52 
-25.15 
3.32 
-15.13 
-24.06 
-19.90 
3.91 
-1 6.20 
-4.92 
36.61 
25.78 
4.67 
13.73 
-10.29 
7.32 
-7.75 
17.67 
9.42 
1.70 
33.40 
17.20 
20.39 
37.02 
3.09 
3.13 
20.65 
5.71 
-6.96 
- 
abs( ) -
19.55 
27.85 
25.13 
14.77 
5.52 
25.15 
3.32 
15.13 
24.06 
19.90 
3.91 
16.20 
4.92 
36.61 
25.78 
4.67 
13.73 
10.29 
7.32 
7.75 
17.67 
9.42 
1.70 
33.40 
17.20 
6.96 
20.39 
37.02 
3.09 
3.13 
20.65 
5.71 
15.25 
-
Nucal . 
198.55 
97.24 
200.40 
222.98 
104.06 
255.40 
71.27 
164.42 
124.67 
232.66 
90.01 
208.48 
897.39 
98.34 
228.88 
708.37 
202.27 
688.99 
89.90 
200.90 
863.18 
259.10 
710.73 
77.94 
180.47 
798.55 
186.78 
848.76 
241.27 
756.45 
86.07 
208.51 
(17)  
dNu(%) 
-22.09 
-28.53 
-26.90 
-15.46 
-27.15 
-1 7.36 
-25.14 
-21.89 
-18.33 
-5.23 
3.82 
1.89 
2.30 
36.84 
24.32 
3.49 
12.56 
4.46 
25.10 
6.35 
15.94 
7.87 
31.59 
14.66 
-7.40 
18.89 
34.85 
1.59 
1.54 
19.72 
4.25 
-.81 
22.09 
28.53 
26.90 
15.46 
3.82 
27.15 
1.89 
17.36 
25.14 
21.89 
2.30 
18.33 
5.23 
36.84 
24.32 
3.49 
12.56 
4.46 
25.10 
6.35 
15.94 
7.87 
.81 
31.59 
14.66 
7.40 
18.89 
34.85 
1.59 
1.54 
19.72 
4.25 
15.26 
13 
TABLE I1 
[Number o f  d a t a s e t s  = 32, Y = -2.78006 
-4.65772 X1 -4.38901 X2 + 0.745065 
X3, Coef f i c i  ency o f  determi  n a t i o n  = 
0.9748921 
Y 
5.540596 
4.91 3095 
5.613638 
5.575039 
4.607467 
5.859645 
4.247780 
5.2931 03 
5.115175 
5.696623 
4.477223 
5.542360 
X l  
0.228489 . 1 18937 
.249434 
.245922 
.150658 
.241690 
,161268 
.266739 
. lo6699 
.258124 
.155635 
.259976 
6.853193 I .158711 
4.274858 .128393 
5.2 1 5479 
6.528688 
5.191288 
6.491 633 
4.274719 
5.241 21 7 
6.61 2712 
5.48 147 1 
6.574378 
4.081 428 
5.058790 
6.759719 
5.056882 
6.444766 
.23428 1 
.216722 
.267734 
.23428 1 
.170586 
.280657 
-218331 
.259282 
. 2  13497 
.184818 
.288931 
.17647 1 
.270027 
.216722 
-0.37527 10.09344 
-.37062 I 8.447628 
-. 37367 -. 36976 
-. 37236 -. 37367 
-. 37294 
-. 37498 
-.37091 -. 37367 
-.37265 
-.37411 
-. 36398 
-.36816 
-. 37033 
-.36715 
-. 37077 -. 3301 7 -. 33435 -. 3361 7 
-. 36744 
-.37091 
-.37019 -. 37294 -. 37396 
-. 36485 -. 37 149 -. 36773 
10.23544 
10.35866 
10.51 680 
10.07382 
10.491 74 
10.35427 
11 .70968 
10.32219 
11.7471 1 
10.36116 
11.81796 
10.431 78 
12.02533 
10.64499 
11.73169 
10.33734 
11.66103 
10.26719 
1 1 .99252 
8.735685 
8.287528 
8.709300 
8.569595 
8.521384 
8.660254 
8.554488 
TABLE I11 
[Number o f  d a t a s e t s  = 32, Y = -1.10530 
-4.55257 X 1  + 0.736769 X2, 
C o e f f i c i e n c y  o f  d e t e r m i n a t i o n  = 
0.9730641 
5.540596 
4.91 3095 
5.61 3638 
5.575039 
4.607467 
5.859645 
4.247780 
5.293103 
5.115175 
5.696623 
4.477223 
5.542360 
6.853193 
5.215479 
6.528688 
5.191288 
6.491633 
4.2747 19 
5.241 21 7 
6.61 27 12 
5.481 47 1 
6.574378 
4.081428 
5.058790 
6.7597 19 
5.056882 
6.444766 
4.274858 
I .  228489 
. 1 18937 
.249434 
.245922 
.150658 
.241690 
.161268 
.266739 
,106699 
.258124 
.155635 
.259976 
.158711 
.128393 
.234281 
.216722 
.267734 
.23428 1 
.170586 
.280657 
.218331 
.259282 
.213497 
.184818 
-28893 1 
.17647 1 
.270027 
.216722 
10.09344 
10.23544 
10.35866 
10.51 680 
10.07382 
10.491 74 
10.35427 
11.70968 
10.3221 9 
11.7471 1 
10.361 16 
11.81796 
10.43178 
12.02533 
10.64499 
11.73169 
10.33734 
11.66103 
10.267 19 
11.99252 
8.447628 
8.735685 
8.287528 
8.709300 
8.569595 
8.521 384 
8.660254 
8.554488 
TABLE I V  
[Nu = 13.865 (Tb/Tf)^-3.280 (Re)^0.3906 ... (1811 
Re N u m r r  1 Nu 1 Tb/Tf 
350.11 1.4364 
391.09 1.4527 
397.01 1.2892 
367.61 1.4526 
271.22 1.2385 
435.62 1.4362 
7 384.29 1.3643 
(18)  
Nucal. I dNu(%) 
8 232 18 1.3275 
9 142418 I 1.4407 
~ 
88 963 
102 357 
15 365 
7 853 
135 187 
21 466 
12 616 
87 944 
115 255 
129 718 
12 563 
113 086 
10 680 
87 732 
8 630 
91 088 
9 889 
114 287 
10 878 
134 242 
13 899 
15 900 
17 925 
20 809 
4 915 
13 9 0 6 .  
07 277 
8 372 
128 536 
19 375 
11 848 
112 315 
10 230 
17 891 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
362.74 3.61 
369.24 -5.59 
260.41 -34.41 
228.52 -15.74 
427.35 -1.90 
246.45 -35.87 
219.03 -5.66 
357.59 -15.82 
386.85 5.24 
399.97 6.82 
198.86 32.12 
369.61 11.62 
163.75 58.07 
340.84 11.68 
244.27 24.41 
316.63 6.62 
191.64 7.82 
372.80 10.11 
180.03 32.30 
413.40 2.11 
190.08 -21.50 
185.03 -25.38 
198.12 -23.87 
205.68 -20.32 
118.99 -9.54 
196.02 -24.67 
345.70 4.69 
225.00 31.58 
384.78 12.04 
201.44 -21.93 
149.60 85.79 
359.72 15.43 
136.90 96.78 
138.82 -51.71 
374.45 
150.51 
331.15 
103.59 
305.2 
242.13 
196.34 
296.96 
247.95 
I 177.72 
20 I 338.56 I 1.4676 
21 260.23 1.4272 
1.4583 
1.3665 
1.4696 
1.4221 
1.4615 
1.4022 
1.2273 
1.5014 
1.4366 
1.3432 
22 
23 
24 
25 
26 330.2 1.4543 
1.2539 
;; 1 :;.23 1 1.3892 
29 343.44 1.474 
136.08 1.3846 
404.85 1.4496 
258.12 1.4363 
131.54 1.4291 
30 
31 
32 
33 
34 
258.02 1.4332 
80.52 1.48 
311.63 1.4806 
287.5 1.5903 
69.57 1.4942 
ave . 
3.61 
5.59 
34.41 
5.24 
15.74 
1.90 
35.87 
5.66 
15.82 
6.82 
32.12 
11.62 
58.07 
11.68 
21.50 
24.41 
6.62 
25.38 
7.82 
10.11 
23.87 
32.30 
2.11 
20.32 
9.54 
4.69 
24.67 
31.58 
12.04 
21.93 
85.79 
15.43 
51.71 
96.78 
22.73 
TABLE V 
[Number o f  da tase ts  = 34, 
Y = 2.629 -3.280 X 1  
+O .3906 X2, coef f i c i  ency 
o f  de termina t ion  = 0.7881 
Y 
5.858247 
5.968937 
5.983961 
5.907022 
5.602930 
6.076770 
5.951 397 
5.44751 2 
6.051618 
5.925458 
5.014029 
5.802571 
4.640440 
5.720967 
5.489474 
5.279847 
5.693597 
5.513227 
5.180209 
5.82470 1 
5.561 565 
4.91 3242 
6.00351 6 
5.553424 
4.87931 0 
5.799698 
5.561 565 
5.141663 
5.839012 
5.553037 
4.388505 
5.74181 6 
5.661222 
4.242333 
x1 
0.3621 39 
.373423 
.25402 1 
.373355 
.213900 
.362000 
.3 10641 
.283297 
.365129 
.377271 
.312252 
.384990 
.352134 
.379463 
.338042 
.204816 
.406398 
.362279 
.295054 
.383628 
.3557 14 
.325411 
.37 1287 
.362070 
.357044 
.374524 
.226258 
.387979 
.359909 
.392042 
.392447 
.463922 
.40 1590 
.32872a 
x2 
11 ,39597 
1 1 .53622 
1 1 .65490 
11.81441 
9.639847 
8.968650 
9.974225 
9.442721 
1 1 .38445 
11.77311 
11.63590 
1 1 .38204 
9.43851 1 
9.27612a 
9.539572 
9.062999 
9.674074 
11.41958 
9.19917a 
1 1 .64646 
9.793951 
9.294497 
9.9431 40 
8.500047 
9.540075 
9.03264E 
9.871 73E 
9.37991 L 
11.62906 
9.79205: 
9.233075 
11.80739 
1 1 .37684 
1 1 .76396 
15 
TABLE V I  
[h  = 19.402 (Tb)--0.538 (P)^0.3593 ( ~ ) ^ 0 . 9 7 9 4  . . . ( 2 0 ) 1  
867.1 
785.4 
1036 
1035.1 
1166.2 
1144.8 
1070 
1293.6 
1062.9 
1160.9 
1027.1 
917.8 
1243.9 
91 1 
1144.8 
1065.3 
917.4 
1213 
1066.2 
929.4 
1228.4 
1140.8 
1237.6 
1237.6 
940.2 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
85.99 
19.07 
65.23 
96.93 
69.33 
101.19 
20.07 
71.46 
105.41 
73.09 
94.89 
20.76 
72.96 
86.46 
68.97 
22.06 
75.63 
101.21 
21.6 
74.03 
61.07 
67.65 
70.22 
21.3 
104.6 
h 
87.78 
22.23 
45.68 
94.02 
49.43 
100.64 
24.08 
52.59 
120.69 
63.81 
23.77 
48.59 
93.63 
85.64 
116.1 
20.52 
39.22 
92.59 
41 
91.91 
21.69 
44.3 
102.87 
55.03 
96.7 
18.4 
37.23 
108.5 
35.27 
87.2 
21.56 
55.8 
102.8 
22.51 
47.11 
59 
66.63 
64.29 
32.65 
86.01 
22.49 
48.71 
51.99 
74.92 
28.69 
63.38 
-24.40 
8.33 
16.47 
1.54 
20.57 
9.50 
11.03 
18.72 
17.32 
15.96 
29.19 
30.52 
-3.18 
-21.07 
Tb I P 
44.16 
117.96 
30.71 
25.21 
35.27 
42.42 
67.68 
18.95 
63.06 
105.94 
27.02 
55.47 
42.76 
48.87 
54.18 
V 
13.00 
3.06 
20.01 
17.75 
-27.53 
-26.65 
-15.73 
37.56 
15.21 
23.53 
42.5 
26.62 
47.4 
19.2 
29.69 
53.96 
33.8 
42.47 
17.2 
26.6 
37.56 
23.53 
52.93 
21.84 
33.78 
48.03 
19.45 
30.08 
23.76 
27.43 
30.06 
22.22 
34.37 
15.31 
23.68 
22.26 
34.43 
19.35 
29.92 
30.43 
62.50 
20.42 
h c a l .  I dh(%) 
-6.79 
-27.33 
-9.21 
ave 
abs( 1 
24.40 
8.33 
16.47 
1.54 
20.57 
9.50 
11.03 
18.72 
17.32 
15.96 
3.18 
29.19 
30.52 
21.07 
25.21 
35.27 
42.42 
13.00 
3.06 
20.01 
17.75 
27.53 
26.65 
15.73 
6.79 
27.33 
9.21 
14.35 
40.82 
17.79 
8.51 
18.71 
18.69 
[h  = 6.2315 
39.74 
31.72 
24.98 
15.68 
43.79 
36.62 
28.84 
18.1 
47.99 
31.61 
19.84 
54.86 
45.88 
36.13 
40.14 
37.8 
31.61 
24.89 
54.96 
45.96 
47.77 
31.46 
37.94 
43.79 
36.62 
47.99 
40.14 
54.86 
45.88 
36.13 
37.8 
54.96 
36.2 
47.77 
31.46 
TABLE VI1 
(Tb)^-0.450 (PI-0.0689 ( ~ 1 ~ 1 . 4 3 2 7  . . . ( 2 2 ) ]  
57.03 -2.62 
39.50 -21.93 
33.64 -12.73 
18.46 -8.54 
61.67 -3.05 
46.32 -18.07 
37.31 -8.16 
21.91 24.48 
73.38 6.98 
41.03 24.33 
24.25 19.75 
89.82 10.32 
63.70 6.45 
47.61 39.09 
53.33 -9.02 
53.38 -15.25 
39.78 -25.56 
32.73 -6.28 
87.82 23.10 
64.08 8.33 
71.93 11.92 
39.57 51.33 
54.66 -15.66 
65.09 -15.79 
50.28 -39.41 
74.44 2.20 
57.84 -32.94 
90.96 5.85 
68.01 -15.89 
52.12 -1 .35 
54.07 -18.73 
89.18 17.34 
50.68 42.15 
72.71 8.25 
39.57 51.33 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
h 
58.57 
50.59 
38.55 
20.18 
63.61 
56.53 
40.63 
17.6 
68.59 
58.62 
33 
20.25 
81.42 
59.84 
34.23 
62.98 
53.43 
34.92 
71.34 
59.15 
64.27 
26.15 
64.81 
77.3 
82.98 
72.84 
86.25 
85.94 
80.86 
52.84 
66.53 
76 
35.65 
67.17 
26.15 
Tb 
1973.6 
1681.6 
1019 
882.6 
2294.1 
1912.2 
1341.1 
971.7 
2095.4 
1875 
1483.7 
1056.8 
2050.9 
1956.3 
1669.8 
1945.5 
1629.1 
1080.4 
2179.8 
1929.1 
2168.2 
1601 
1853.5 
2022.6 
1541.8 
2017.5 
1515.5 
1984 
1647.3 
1316.6 
1880.8 
2093.8 
1420.9 
2107.4 
1601 
P 
170.93 
31.53 
16.72 
17.25 
37.17 
22.81 
19.69 
193.76 
37.54 
25.99 
22.05 
196.21 
40.52 
30.26 
168.34 
30.52 
17.71 
202.86 
38.87 
199.61 
27.92 
160.53 
181.6 
29.97 
186.56 
30.34 
189.81 
34.12 
23.86 
162.74 
194.86 
25.05 
194.01 
27.92 
188.8 
I (22 )  
v I hcal .  1 dh(%) 
2.62 
21.93 
12.73 
8.54 
3.05 
18.07 
8.16 
24.48 
6.98 
9.02 
24.33 
19.75 
10.32 
6.45 
39.09 
15.25 
25.56 
6.28 
23.10 
8.33 
11.92 
51.33 
15.66 
15.79 
39.41 
2.20 
32.94 
5.85 
15.89 
1.35 
18.73 
17.34 
42.15 
8.25 
51.33 
I ave 17.83 
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FIGURE 1 .  - INSTRUMENTED OMC ENGINE. 
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FIGURE 4 .  - STRAIN GAGES AND TAERMOCOUPLES LOCATION. 
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FIGURE 7. - A-D REAL TIME DATA RECORDIN6 SYSTEM. 
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U n i v e r s i t y ,  East  Lans ing ,  M ich igan  48824. 
16. Abstract 
C u r r e n t l y ,  t h e  hea t  t r a n s f e r  equa t ion  used i n  t h e  r o t a r y  combust ion eng ine  (RCE) 
s i m u l a t i o n  model i s  taken from p i s t o n  eng ine  s t u d i e s .  These r e l a t i o n s  have been 
e m p i r i c a l l y  developed by the  exper imenta l  i n p u t  coming from p i s t o n  engines whose 
geometry d i f f e r s  c o n s i d e r a b l y  from t h a t  o f  t h e  RCE. 
was t o  d e r i v e  equa t ions  t o  e s t i m a t e  hea t  t r a n s f e r  c o e f f i c i e n t s  i n  t h e  combust ion 
chamber of a RCE. Th is  was accompl ished by  making d e t a i l e d  tempera ture  and pres-  
sure measurements i n  a d i r e c t  i n j e c t i o n  s t r a t i f i e d  charge ( D I S C )  RCE under a 
range o f  c o n d i t i o n s .  For each s p e c i f i c  measurement p o i n t ,  t h e  l o c a l  gas v e l o c i t y  
was assumed equal  t o  the  l o c a l  ro tor  t i p  speed. Local  p h y s i c a l  p r o p e r t i e s  o f  the  
f l u i d s  were then c a l c u l a t e d .  Two types  o f  c o r r e l a t i o n  equa t ions  were d e r i v e d  and 
a re  desc r ibed  i n  t h i s  paper.  The f i r s t  c o r r e l a t i o n  expresses the  N u s s e l t  number 
as a f u n c t i o n  o f  t h e  P r a n d t l  number, Reynolds number, and c h a r a c t e r i s t i c  tempera- 
t u r e  r a t i o ;  the  second c o r r e l a t i o n  expresses the  f o r c e d  convec t i on  hea t  t r a n s f e r  
c o e f f i c i e n t  as a f u n c t i o n  o f  f l u i d  tempera ture ,  p ressure ,  and v e l o c i t y .  
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